###### Practice points

-   There are two major treatment options for hepatocellular carcinoma (HCC) belonging to different stages (as recommended by the Barcelona Clinic Liver Cancer staging system): curative and palliative treatments.

-   Curative treatments like hepatic resection, liver transplantation (LT) and embolizing therapies are recommended for early stage/stage A patients.

-   Hepatic resection should be utilized for patients of very early/early stage HCC with uni-focal lesions and well-preserved liver function.

-   LT is recommended for patients who meet the Milan criteria and are suitable for hepatic resection.

-   Patients waiting for LT should undergo regular screening in order to check if there is any sign of extra-hepatic spread and vascular invasion. Patients beyond the Milan criteria can be considered under expanded criteria and downstaging criteria, but the use of these two criteria in clinical practice has not achieved any consensus.

-   Local ablative therapies like radiofrequency ablation and percutaneous ethanol injection are considered for those early stage patients who are not suitable for resection or when LT cannot be done. Radiofrequency ablation can be used as a bridge to LT.

-   Palliative therapies are recommended for patients who belong to either intermediate or advanced stage HCC and includes -- transarterial chemoembolization (TACE), transarterial radioembolization (TARE), systemic therapies, and molecular targeted therapies.

-   Embolizing therapies (TACE, transarterial radioembolization) are recommended for patients classified as the Barcelona Clinic Liver Cancer B/C HCC with inadequate liver function. Drug-eluting bead-TACE has been associated with considerable tumor response and progression-free survival in stage B and C HCC patients.

-   Systemic chemotherapies like tamoxifen, cisplatin, and herbal drugs are not recommended for HCC.

-   Many molecularly targeted therapies has shown promise in the treatment of advanced stage HCC like sorafenib. It is recommended for stage C patients or patients whose cancer progresses even after locoregional therapies like TACE.

Hepatocellular carcinoma (HCC) is one of the major causes of cancer-related mortality and is particularly refractory to the available chemotherapeutic drugs \[[@B1]\]. In almost all cases HCC is associated with chronic liver damage caused by either viral infections or by other means. Among the diverse etiologies of HCC, viral etiology is the most common particularly infection with Hepatitis B virus. Viral infections along with alcoholic liver diseases and nonalcoholic steatohepatitis (NASH) are major risk factors for developing cirrhosis which forms a background for HCC. The chronic liver diseases and cirrhosis associated HCC accounts for about 90% of all HCC cases \[[@B2]\]. In most cases, HCC is diagnosed at late stages which limit the treatment option and the currently available therapies are effective only in small group of patients. The complex patho-physiology of HCC has made the treatment decision challenging. There are various guidelines which are published and updated regularly across the world regarding good clinical practice for HCC treatment. The different guidelines across eastern and western countries have similarities as well differences in terms of surveillance and treatment allocation \[[@B3]\]. These differences are mainly due to the differences in the etiologies of HCC and the available resources for HCC treatment, nevertheless the purpose of all these guidelines is to direct the healthcare professionals toward treatment decision-making and improving the treatment outcome.

The available treatment options for HCC patients: advances achieved & hurdles conquered {#S0001}
=======================================================================================

Depending upon the stage of HCC and extent of underlying liver function abnormalities, there are several treatment regimens ([Figure 1](#F0001){ref-type="fig"}). Basically, two major types of treatment strategies are followed -- curative and palliative. Potentially curative treatments for very early and early stage HCC patients include surgical resection, liver transplantation and percutaneous ablation. However, for intermediate and advanced stage patients palliative treatment options are preferred like transarterial chemoembolization (TACE), radioembolization, and systemic therapies \[[@B4]\]. There are pros and cons associated with all treatment modalities available.

![**Classification of available hepatocellular carcinoma therapies based on the stages of patients.**\
Curative therapies are suitable for early stage patients and includes surgical resection, liver transplantation, and local ablative therapies. Physical ablation can be by done any energy source, which works by heating (radiofrequency, microwave, and laser) or cooling (cryo/freeze--thaw) of tumor affected area. Palliative therapies includes embolizing, systemic and molecular targeted therapies.\
CPT: Cisplatin; DXR: Doxorubicin; HCC: Hepatocellular carcinoma; MMC: Mitomycin C; PEI: Percutaneous ethanol injection; PIAF: Cisplatin, interferon, adriamycin, and fluorouracil.](hep-05-08-g1){#F0001}

Curative treatments {#S0002}
-------------------

### Surgical resection (hepatectomy) {#S0003}

Suitable for very early and early stage HCC, when the liver is in a good functional state and has adequate hepatic reserves. It is the particular treatment of choice for non-cirrhotic liver and patients with uni-focal lesions. The 5-year survival rates for patients with significant portal hypertension and high bilirubin levels are only 25%, while in patients without portal hypertension and normal bilirubin levels it is 75% \[[@B5]\]. In noncirrhotic patients hepatectomy can be performed as major hepatectomy to remove a big tumor, whereas in cirrhotic liver or in benign liver tumors, it is done mostly as partial hepatectomy \[[@B6]\]. Few studies report major hepatectomies for large HCC (\>10 cm in diameter) with low morbidity and mortality \[[@B7]\]. Several studies have also reported the low mortality, tolerable morbidity, and encouraging survival benefits of surgical resection in patients with advanced stage HCC \[[@B10]\]. The critical hurdle in surgical resection of cirrhotic liver is the presence of inadequate hepatic reserves and occurrence of perioperative death. The surgical resection is not preferred in cirrhotic patients when there is presence of multiple tumors, extra-hepatic masses, involvement of main bile duct, and presence of portal hypertension \[[@B11]\], even though portal hypertension is considered as the most important predictor of poor outcome in cirrhotic HCC patients \[[@B12]\]. There should be careful preoperative evaluation of liver for the symptoms associated with portal hypertension, which is crucial for the determination of tumor(s) relation to major vasculature of liver \[[@B13]\]. For cirrhotic patients, there is a strict requirement of minimal remnant liver volume after surgical resection which should be approximately 40% \[[@B14]\], in contrast to patients without cirrhosis which should be more or less 20% \[[@B11]\] to avoid postoperative liver failure. The surgical resection is usually curative with improved short-term survival but is associated with high recurrence rate and postoperative death. The rate of recurrence varies between 40 and 80% within 5 years of surgical resection \[[@B15]\] which is particularly dependent on underlying cirrhosis and active hepatitis \[[@B16]\]. Patients with early recurrence are recommended to have palliative therapies like TACE, radioembolization, and systemic therapies while patients with late recurrence could benefit from repeat resection \[[@B17]\].

### Liver transplantation {#S0004}

This is the best treatment option for cirrhotic HCC patients; it not only removes the tumor lesion but also rectifies the underlying hepatic insufficiency, in this way decreasing the rate of recurrence \[[@B18]\]. Patients are referred for LT if they meet Milan criteria (MiC), which states LT can be performed if the liver has one tumor less than 5 cm or three tumors less than 3 cm each, without extra-hepatic spread \[[@B19]\]. Meeting MiC before LT reduces the recurrence rate of HCC to less than 15% and increases 5-year overall response rate (ORR) to 68% \[[@B20]\]. Besides, MiC, which is totally dependent on the size and number of tumor(s), there have been recent studies demonstrating the role of molecular marker alpha fetoprotein (AFP) and response to loco-regional therapy under the selection criteria of LT \[[@B21]\].

One of the biggest obstacles in LT is that the demand for liver grafts exceeds the supply of liver grafts. It is well known that many patients who meet MiC for LT need to wait because of teh shortage of liver grafts, and by the time the liver graft is available they become unsuitable for LT. In most cases, these patients are found to be invariably associated with extra-hepatic spread and vascular-invasion that disqualifies them for LT \[[@B22]\]. In these cases transplantation can be considered using two criteria -- expanded criteria when HCC exceeds MiC during the presentation without any prior treatment and downstaging criteria under which advanced HCC is downstaged through different loco-regional therapies to fulfill the MiC for LT \[[@B23]\]. Single-center studies have demonstrated LT with expanded criteria could achieve post-transplantation benefit comparable with that of LT within MiC \[[@B24]\]. Downstaging of tumors before LT with several loco-regional therapies is proposed for patients who could achieve post-transplantation benefits similar to those of LT within MiC. TACE is the major treatment strategy for downstaging; however, radioembolization has also been demonstrated to be a promising strategy for downstaging \[[@B25]\]. However, the use of these two criteria in clinical practice has not achieved any consensus \[[@B25]\]. Downstaging criteria have shown encouraging results in single-centered studies \[[@B26]\] and in multicentered studies \[[@B27]\] with standardized downstaging protocols. However, more single and multicentered studies are needed to make downstaging criteria for LT beyond MiC, a standard procedure.

Other than HCC qualifying MiC, the indications for LT also include hepatitis so a scoring system -- model for end-stage liver disease (MELD) -- which is a good predictor of early mortality in cirrhosis patients and in patients with end-stage liver disease \[[@B28],[@B29]\], was used within MiC for deceased donor liver allocation in HCC patients. However, MELD could not predict mortality in HCC patients for which MELD exception was developed based on the tumor burden \[[@B30]\].

### Local ablative therapies {#S0005}

Ablative therapies are the best treatment option for patients not suitable for surgical resection or LT. There are two basic types -- chemical ablation (ethanol and acetic acid), and physical ablation by using different energy sources (heat and cold). Application of local ablative therapies usually does not cause any systemic side effect. Percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA) are the most widely used ablative therapies \[[@B31]\]. Several studies have shown that RFA is able to achieve complete tumor removal in more than 90% of HCC cases with a single tumor of less than 4 cm \[[@B32],[@B33]\]. It is extensively used to treat small metastatic HCC \[[@B34]\]. RFA is largely preferred over PEI as it increases survival of HCC patients by 3-years as compared with PEI shown by a recent meta-analysis \[[@B35]\]. While in some cases where tumors are adjacent to large blood vessels in which case RFA cannot be performed, PEI is preferred \[[@B32]\]. The disease-free survival rate is lower for ablative therapies that is due to both higher AFP levels and cirrhosis \[[@B36]\]. These therapies are also known to be associated with high recurrence rate when compared with surgical resection as found in a retrospective analysis \[[@B37]\] and are preferred only when the patient is not a surgical candidate. Another recent meta-analysis of 23 studies by Feng *et al*. demonstrated that for treatment of small HCC, the surgical resection resulted in better outcome in terms of ORR and recurrence-free overall survival (OS) as compared to RFA \[[@B38]\].

Palliative treatment {#S0006}
--------------------

The curative interventions are limited to a small group of patients because of various internal and external factors like tumor-size, multi-focality, metastasic nature, liver function status, organ shortage, and late diagnosis. All of these reasons can lead to an inclination toward palliative therapies. Palliative therapies are preferred for patients classified as Barcelona Clinic Liver Cancer (BCLC) stage B and C and aim toward escalating survival or improving quality of life for patients.

### Embolizing therapies for HCC {#S0007}

Embolization is the process to obstruct the blood flow to cancer cells. HCC is largely dependent on arterial blood supply (75--80%) in contrast to normal liver, so it is logical to embolize hepatic arterial supply in HCC to induce tumor-hypoxia and necrosis. Embolization can be done directly with only embolic agents or in combination with chemotherapy/radiotherapy.

#### **Transarterial chemoembolization** {#S0008}

TACE is recommended for patients classified as BCLC stage B/C HCC with compensated liver function. It is also increasingly recommended for patients under the waiting list for LT in order to prevent further tumor progression \[[@B39]\]. TACE is a technique where subsequent to chemotherapy directly into the hepatic artery, embolization is done. The embolizing agents can be of two types -- the first type that can embolize temporarily like gelatin sponge, autologous blood clot and the second type that can embolize permanently like polyvinyl alcohol, steel coils, and microspheres. The gelatin sponge is the most extensively used embolizing agent \[[@B40]\]. When TACE is performed without any drug, it is called transarterial embolization (TAE), and is done to embolize arterial supply only. An advancement over TACE is DEB-TACE (drug eluting bead-TACE) that uses embolizing particles, which also acts as a carrier for the chemotherapeutic drug. The purpose is to embolize the hepatic artery and to provide a slow and steady release of chemotherapeutic drug which increases the exposure of tumor cells to chemotherapeutic drugs. DEB-TACE has been associated with considerable tumor response and progression-free survival in stage B and C HCC patients with acceptable toxicity \[[@B41]\].

TACE is the treatment of choice for patients with multi-focal large lesions without any vascular-invasion and extra-hepatic spread as recommended by EASL \[[@B12]\]. TACE is well tolerated with less than 5% of cases of complications \[[@B42]\]. Postembolization syndrome is the most common complications occurring after TACE but can be controlled by analgesics and antiemetics \[[@B43]\]. Although there is no standardized protocol and consensus for the use of a chemotherapeutic agent for TACE, but the use of doxorubicin and cisplatin is most common \[[@B44],[@B45]\].

#### **Transarterial radioembolization** {#S0009}

Transarterial radioembolization (TARE) is relatively a new therapeutic option for BCLC stage B/C HCC and involves selective intra-arterial administration of Yittrium (Y90) loaded microspheres or lipidol labeled with rhenium or iodine \[[@B46]\]. Two types of microspheres are used currently for TARE, these are glass-made theraspheres and resin-made SIR spheres with different embolic powers and activities. TARE removes the chances of hepatic ischemia after delivering local radiation to liver tumors and is preferred for the treatment of HCC patients with portal vein thrombosis \[[@B47]\].

Microsphere brachytherapy is a useful approach for the treatment of intermediate and advanced stage HCC when curative treatment is not advisable. Brachytherapy permits selective radiation source to be implanted within the tumor thereby increasing selectivity and avoiding the exposure of normal hepatic cells to the harmful radiations. Embolization of hepatic arteries with appropriately calibrated microspheres combined with a high energy radiation source is done. A high energy β-emitter Y90 loaded in glass or resin microspheres are used in the process to embolize the hepatic artery and this technique is evaluated in a number of clinical trials while few studies have shown that radioembolization is associated with better response and fewer side effects when compared with TACE \[[@B48]\]. A few multicentre trials comparing TARE with sorafenib have been reported, in which some are completed, such as SORAMIC \[[@B49]\] and SARAH \[[@B50]\], while some are still ongoing \[[@B51]\] and recruiting patients \[[@B52]\]. SORAMIC evaluated Y90-loaded microsphere therapy followed by sorafenib and demonstrated that it showed a similar level of toxicity as sorafenib alone \[[@B49]\]. On the other hand, SARAH compared TARE treatment with sorafenib in advanced HCC patients \[[@B50]\].

### Systemic therapies for HCC {#S0010}

Systemic therapies with chemotherapeutic drugs had long been tried in advanced HCC without showing significant progress in the outcome of HCC. Chemotherapeutic agents like cisplatin, doxorubicin, 5-fluorouracil and gemcitabine are associated with only marginal improvement in survival and the response rate remains low \[[@B53]\]. There are a few combination chemotherapy regimens, among which PIAF (cisplatin, interferon, adriamycin, and fluorouracil) has shown promise in a Phase II clinical study \[[@B54]\], but failed to show efficacy when compared with doxorubicin alone in a Phase III clinical study \[[@B55]\]. Moreover, the patients showed severe myelotoxicity to the PIAF regimen \[[@B55]\]. As in most cases, HCC is diagnosed in the advanced stage so additional systemic agents, combination chemotherapy, and molecular targeted agents are immediately needed for a better therapeutic outcome.

### Molecular targeted therapies for HCC {#S0011}

The recent advances in the knowledge of deregulated molecular pathways involved in the development of HCC have led to the identification of novel targeted therapies. The altered molecular pathways, which have been well described and are involved in the pathogenesis of HCC, could be exploited for HCC chemoprevention. Some of the molecular pathways deregulated in HCC are: Wnt/β-catenin; c-Met; EGFR/RAS/MAPK; Hedgehog; VEGF/PDGF; PI3K/AKT/mTOR; and IGF signaling pathways \[[@B56]\]. Many drugs modulating these pathways are already in Phase II and III clinical trials. Some of the targeted agents under clinical development are the following:

#### **Sunitinib for targeting several RTKs** {#S0012}

The VEGF pathway has been found to be involved in a variety of cancers and particularly play a significant role in HCC pathogenesis \[[@B57]\]. Sunitinib is a tyrosine kinase inhibitor with antiangiogenic and antitumorigenic activity targeting VEGF-R, PDGF-R and other RTKs. Several clinical studies to check the antitumor efficacy of sunitinib in advanced HCC patients has been done. The reports showed persistent toxicity, low response rate, and modest antitumor activity after sunitinib treatment in advanced HCC patients \[[@B58]\].

#### **Linifanib/ABT-869 for targeting VEGF/PDGF pathways** {#S0013}

Linifanib is a novel ATP competitive inhibitor mainly active against all VEGF-R and PDGF-R but show very mild activity against other RTKs and serine--threonine kinases \[[@B59]\]. Phase II trial with linifanib in patients with unresectable and metastatic HCC showed a positive outcome. The objective response rate with single agent linifanib was 9.1% and OS was 9.7 months with manageable adverse events \[[@B60]\] which demonstrates that linifanib is clinically active with an acceptable safety profile in advanced HCC patients.

#### **Brivanib for targeting VEGF/FGF pathway** {#S0014}

Brivanib is a dual tyrosine kinase inhibitor that selectively targets VEGF-R and FGF-R tyrosine kinases \[[@B61]\]. Brivanib showed an antiangiogenic effect in various tumors including liver \[[@B62]\]. Brivanib showed potential antitumor activity considering improvements in the secondary outcome of HCC treatment with a frequently associated adverse effect of hyponatremia \[[@B62]\]. This study warrants further investigation as the secondary outcome measures are based on unvalidated mRECIST (modified response evaluation criteria in solid tumors) criteria for HCC.

#### **Sorafenib/nexavar for targeting multiple kinases** {#S0015}

Sorafenib is a multikinase inhibitor with efficacy against VEGF and PDGF receptor tyrosine kinases and the downstream serine/threonine kinases Ras/Raf. All of them are actively involved in tumor proliferation and angiogenesis \[[@B63]\]. On the basis of Phase II and Phase III trials, sorafenib is the only approved drug for unresectable HCC treatment \[[@B64]\]. Two randomized double-blind, multicenter Phase III trials were done to check the efficacy of sorafenib monotherapy in advanced HCC patients -- The AP(Asia-Pacific) and SHARP(Sorafenib HCC Assessment Randomized Protocol) trials. Both trials demonstrated sorafenib is more efficacious than any other treatment for unresectable HCC. They demonstrated improved survival, increased time to radiologic progression and time to symptomatic progression \[[@B63]\]. The  1-year survival rates were 44% in sorafenib monotherapy compared with placebo treatment (33%) in the SHARP trial. On the other hand, the 6-month survival rates in the AP trial were 53 and 37% for the sorafenib monotherapy and placebo treatment groups, respectively \[[@B63]\].

Sorafenib has also been used in combination with other therapies, and various single-center and multicenter clinical trials have been reported for sorafenib in combination with other treatment modalities. These interventions included TACE \[[@B65]\], radioembolization \[[@B66]\], chemotherapeutic drugs \[[@B67]\] and molecular targeted therapies \[[@B68]\]. Unfortunately, most of these trials had a significant problem in study design and conduct with the majority of these studies showed no advantage in combination therapy compared with the sorafenib alone.

#### **Tivantinib/ARQ 197 for targeting HGF--MET axis** {#S0016}

The HGF--MET pathway is involved in tumor growth and metastatic progression. Inhibiting MET with tivantinib in *in vitro* and *in vivo* models has shown to induce apoptosis and block growth \[[@B71]\]. In a randomized clinical trial in HCC, rivantinib demonstrated significant improvement in OS only in MET-high patients and time to progression (TTP) was more in the tivantinib treatment (1.6 months) group as compared with the placebo treatment (1.4 months) group \[[@B72]\]. Tivantinib also demonstrated efficacy in treating MET high patients who did not get benefit after first-line sorafenib treatment and the disease progressed \[[@B73]\]. Based on the promising results with Tivantinib, a Phase III trial has been initiated in MET high HCC patients, who are intolerant to sorafenib and have a progressive disease. The trial is still ongoing \[[@B74]\].

#### **Regorafenib/Stiverga targeting multiple kinases** {#S0017}

Regorafenib is recently approved by the FDA as a second-line treatment for HCC patients, who failed to respond to sorafenib. Both regorafenib and sorafenib block multiple tyrosine kinases but regorafenib has stronger activity against VEGF receptors and c-KIT. Regorafenib is also shown to partially block TIE2 angiopoietin receptor that plays an important role in angiogenesis \[[@B75]\], which makes regorafenib a potentially strong inhibitor of angiogenesis than sorafenib \[[@B76]\]. The RESORCE (regorafenib after sorafenib in patients with hepatocellular carcinoma) trial demonstrated that regorafenib treatment improved OS and TTP of HCC patients (median survival: 10.6 months; TTP: 3.2 months) as compared with placebo treatment (median survival: 7.8 months; TTP: 1.5 months) group \[[@B76]\].

Hurdles to be conquered {#S0018}
=======================

The treatment strategies discussed above have their own limitations due to several medical and psycho-social reasons. Hurdles in HCC treatment occurs at various levels including at the level of screening, diagnosis, treatment, and at the level of acceptance of the proposed solution for HCC ([Figure 2](#F0002){ref-type="fig"}). The majority of efforts have been made to conquer hurdles at the level of screening, diagnosis, and treatment of HCC with considerable success. However, a lot more needs to be done to conquer the hurdles in HCC treatment at a molecular level.

![**Hurdles in hepatocellular carcinoma treatment classified as level 1, level 2 and level 3.**\
Level 1 includes hurdles encountered at screening and diagnosis which involves asymptomatic disease, poor awareness of patient, lack of resources, as in case of low middle income countries, and patient\'s inability to pay for the tests. Educational hurdles include both poor patient\'s education and insufficient knowledge of healthcare provider. Level 2 includes treatment decision and acceptance of the treatment strategies and involves picking right treatment strategy based on the stage and liver function status. Level 3 includes hurdles in hepatocellular carcinoma (HCC) treatment at molecular level which holds potential to investigate various molecular changes observed in HCC patients. All these hurdles show the way to several prospects for HCC treatment which include prophylactic measures, xenotransplantion with pig liver, cell therapies and targeting awry molecules/pathways. The dotted lines in the flowchart depicts correlated aspects of hurdles and prospects.\
BAL: Bio-artificial liver; HCC: Hepatocellular carcinoma; PHT: Primary hepatocyte transplantation; RAAS: Renin--angiotensin--aldosterone system.](hep-05-08-g2){#F0002}

One of the significant hurdles in current cancer treatment at the molecular level is angiogenesis, which is an important requirement for tumor growth. As HCC is a highly vascular cancer characterized by microvascular abnormalities, which could be reversed by antiangiogenic therapies \[[@B77]\]. But the problem exists in determining the efficacy of these therapies which can be done by functional vascular imaging like -- dynamic contrast enhanced-MRI (DCE-MRI), CT-perfusion (DCE-CT), DCE-ultrasonography and functional PET. However, they tend to be relatively nonspecific for vascular imaging and are semi-quantitative. For better characterization of tumor angiogenesis, a more targeted approach is required like a targeted PET, or SPECT based imaging \[[@B78]\] is required. Since sorafenib works by inhibiting the VEGF-R pathway, demonstrating the potential of antiangiogenic therapies for HCC, the redundant and complex angiogenic pathways must be explored for a better therapeutic outcome. Despite the acceptance of sorafenib as a life-prolonging drug for advanced HCC patients, its efficacy is very much dependent on the etiologies of HCC, as is evident by some discrepancies in AP and SHARP trials. So it is conceivable to explore other antiangiogenic therapies and also the combination of sorafenib with other treatment modalities, which is already under active investigation.

Since angiogenesis is also affected by angiotensin II(AT II) and insulin resistance (IR) so targeting these pathways also holds great antiangiogenic potential \[[@B79]\]. RAAS (renin-angiotensin-aldosteron system) blockers inhibit the AT II/AT I-receptor axis, which plays an important role in tumor neovascularization \[[@B80]\]. Moreover, a preclinical study reported the suppression of hepatocarcinogenesis by the inhibition of aldosterone, \[[@B81]\] which is a downstream mediator of AT II. Therefore, it is conceivable to explore other antiangiogenic therapies and also the combination of these therapies with other treatment modalities, which is already under active investigation.

Metastasis is another most difficult hurdle for the successful treatment of most cancers including HCC; consequently, it accounts for most cancer suffering and deaths. The intrahepatic metastasis of HCC is more common compared with the extrahepatic metastasis, which is a rare event at the time of diagnosis \[[@B82]\]. In most cases, intrahepatic metastasis can be treated successfully with various locoregional therapies even on a recurrent lesion, but it is difficult to treat extra-hepatic metastasis and is considered as a terminal event in HCC \[[@B83]\]. Although it is generally accepted that angiogenesis and hematogenous metastasis is the most common route for solid tumor growth and spread, however, the recent studies indicate that lymphangiogenesis and lymphanogenous spread is another important way for metastasis \[[@B84]\]. As hepatic lymphangeogenesis is largely unknown, so it is worth exploring the role of signaling mediators of lymphangeogenesis in HCC progression which can be a potential therapeutic target for HCC. There are significant amount of data available which suggests that cancer stem cells (CSCs) have great potential for angiogenesis and lymphangeogenesis. CSCs express angiogenic/lymphangeogenic factors during tumorigenesis and are known to transdifferentiate into endothelial cells, thus playing a major role in tumor angiogenesis/vasculogenesis \[[@B84]\] and holding potential to be a therapeutic target.

Prospects: multi-modal approach for HCC management {#S0019}
==================================================

In order to achieve maximum benefit for HCC treatment, the multi-modal approach should be opted for, depending upon the stage of HCC and functional liver reserves. Several clinical trials are ongoing to make out the best treatment course for HCC patients, which would be potent, well tolerated and provide improved quality of life. Some of the new prospect for HCC treatment with great potential are discussed below:

Prophylactic measures with antivirals {#S0020}
-------------------------------------

Sustained viremia and associated inflammation in the liver can lead to hepatocarcinogenesis, so the use of antivirals can prevent HCC occurrence/recurrence by reducing viral load. Antiviral therapies include oral nucleoside and nucleotide analogues(NAs)-like lamivudine(LAM). The advantages of antivirals include relatively rare adverse effects and easy administration through oral route. Lamivudine (LAM) is one of the antivirals that has been studied most for its effect on HBV associated HCC. Several studies have demonstrated that LAM significantly decreased the incidence of HCC \[[@B86]\].

Direct-acting antivirals (DAA) is another group of antivirals that is currently under clinical trials for the treatment of HCV linked HCC. The use of DAA in HCV infected patients has led to the cure of a significantly increased number of cirrhotic patient but they must go for regular surveillance \[[@B87]\].

Xenotranplantation of liver {#S0021}
---------------------------

Xenotransplantation with pig liver is an exciting area of research and has been tried in patients with acute liver failure to overcome organ shortage. One of the major concerns for xenotransplantation is graft rejection as the immune response to xenografts is stronger in comparison with allografts. Making humanized/transgenic pigs through genetic engineering approach is the possible solution to outwit rejection, while it can also be done by increasing the immune tolerance of the recipient \[[@B88]\].

Cell therapies {#S0022}
--------------

One of the alternatives emerged for LT is cell therapy that included both stem cells and somatic cells. Primary hepatocytes are the first type of cells through which cell therapies were performed. Broadly two basic types of cell therapies have been evaluated for their potential in treating the liver disease are the following:

### *In vivo* primary hepatocyte transplantation {#S0023}

Primary hepatocyte transplantaion (PHT) has been initially used to treat patients with liver-based metabolic disorders and acute liver failure as a substitute/bridge to LT. A significant number of patients have undergone PHT for various liver-based metabolic disorders \[[@B89]\]. Although the hepatocyte function starts deteriorating after 1 year of transplantation, but their clinical outcome demonstrated obvious improvement. Poor engraftment of hepatocytes and immediate cell loss due to host immune response are two major causes for decline in hepatocyte function. To overcome these barriers, the transplantation of encapsulated hepatocytes in alginate beads has been tried, which resulted in better engraftment, cell survival and decreased host immune response. It is also speculated that coencapsulating mesenchymal stem cells with hepatocytes would improve hepatocyte function \[[@B90]\].

### *Ex vivo* cell support system/bio-artificial liver (BAL) devices {#S0024}

The *ex vivo* support system for liver was first evaluated by Eiseman *et al*. (1965) in a patient of reversible hepatic failure with an isolated perfused heterologous liver \[[@B91]\]. The first BAL device used *ex vivo* suspension of porcine hepatocytes in a bioreactor; the treatment duration of this device was only for few hours because of the death of hepatocytes in suspension \[[@B92]\] and was later overcome by use of hepatocyte spheroids \[[@B93]\].

Hypoxia & hypoxia-inducible factor 1α {#S0025}
-------------------------------------

Hypoxia, or insufficient oxygen supply, to the core of solid tumor is itself harmful to the tumors, but it can induce several pro-survival pathways that contribute to angiogenesis and tumor proliferation. The regulation of various prosurvival pathways by HIF-1α makes it an attractive therapeutic target for cancer. HIF-1α is known to be over-expressed in HCC and is associated with poor prognosis; its expression strongly correlates to the clinical outcome in HCC patients \[[@B94]\]. In several preclinical models and hepatoma cell-lines, HIF-1α has been targeted through the activation of hydroxylases or by using small molecule inhibitor or by the use of a fusion protein in tumor xenograft model. Another way to target HIF-1α is targeting at the mRNA level, mRNA antagonist of HIF-1α has been developed and are currently under Phase Ib clinical trial in HCC patients after the first-line treatment. Additionally, the possibility of targeting HIF-1α in combination with other chemotherapeutic drugs holds a promise for the development of a better systemic therapy for HCC treatment.

Conclusion {#S0026}
==========

Despite the aggressive and refractory nature of HCC, it can be treated or better managed with a multi-modal approach which includes the active participation of pathologists, oncologists, radiologists, surgeons, and hepatologists. This approach maximizes the chances of better clinical outcome after treatment. Selection of a particular treatment regimen based on patients disease stage, patients age, and other underlying factors will certainly lead to a better prognosis. However, most of the approaches discussed above have their own shortcomings despite that the use of sorafenib, tivantinib, and regorafenib holds a great promise for advanced stage HCC treatment. In addition, a recent expansion in the understanding of HCC molecular pathogenesis and technical advances achieved in this field has empowered the treatment prospects like the use of hepatocyte transplantation instead of whole liver transplantation has enormous potential embedded. Moreover, the use of effective antivirals as a prophylactic measure and targeting a new multi-functional molecule/pathway like HIF-1α, RAAS-pathway blockers can lead to a better prognosis and thus holds a significant potential for HCC treatment.

Future perspective {#S0027}
==================

The review presents an overview of treatment approaches available for early, intermediate, and advanced stage of HCC patients. Additionally, it summarizes hurdles to be encountered and future prospects for HCC treatment. As screening and surveillance has improved the diagnosis of HCC patients at early stages so curative treatments could be a potential therapeutic option in future for HCC patients. So improving over the barriers of liver transplantation has enormous potential, like use of cell therapies. On the other hand, the treatment of intermediate/advanced stage HCC in future would greatly be affected by targeting potential new molecules like HIf-1α and RAAS pathway.

**Financial & competing interests disclosure**

The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

**Open access**

This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license, visit <http://creativecommons.org/licenses/by-nc-nd/4.0/>
